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Abstract 
This paper is mainly concerned with mean flux regulated - principal component analysis 
(MF-PCA) continuum estimation technique. In this technique PCA fitting is carried out red ward of 
quasar Lyα line in order to provide a prediction for the shape of the Lyα forest continuum. The 
purpose of this paper is also to predict the continuum of bright QSO in the region by wavelengths 
longer than Lyα emission line using the statistical method of MF-PCA. The method applied to a 
sample of 892 high redshift with brightly luminous QSO; (MB ≤ -28, S/N > 10 and 2.7≤ z ≤ 4.7) 
published in SDSS-DR7. The slope and amplitude of the continua were predicted by applying the 
estimated technique. We found that MF-PCA method reduces the errors to 3% RMS in S/N > 10 
spectra with continuum of manual method. 
Keywords: intergalactic medium, absorption lines, emission lines, techniques of data 
analysis. 
 
Introduction 
In the past two decades, the Lyα forest absorption lines observed in the region of quasars 
with high redshift (ݖ ≥ 2) as an important exploration of large scale structure and the IGM (Whitney 
et al., 1983 and Schneider et al., 1991). While almost all aspects of the Lyα forest are dependent on 
the determination of the continuum (Francis et al., 1992). Therefore, the accurate prediction of the 
continuum quasar is vital in order to take new Lyα forest data sets. For example, the Lyα flux 
probability distribution function used to constrain the temperature - density relation (TDR) of the 
IGM and is very sensitive to continuum errors. Lee et al., (2011) has showed that 2% systematic 
errors in the continuum estimation can double the errors in the TDR. In other words, measurements 
of the one – dimensional flux power can be converted by the Fourier power introduced by quasar 
emission lines in the Lyα forest region. For example, the counted continuum variance in the quasar 
has limited the measurements of one – dimensional the Lyα forest at redshift ݖ = 2.5. The exact 
quasar continuum fitting is a fundamental problem at redshifts  ݖ ≥ 2. Where the Lyα forest 
becomes accessible to ground based optical telescopes the high absorber line density makes it 
challenging to observer the quasar continuum and usually estimated by same form of spline fitting to 
the observed transmission peaks reach the quasar continuum at a given redshifts (Press & Rybicki 
1993, Songaila & Cowie 1996 and Rauch et al., 1998). These methods cannot in general be applied 
to large data sets such as the SDSS, as the modest resolution and low signal to noise ratio make it 
impossible to fit the Lyα forest and even then steps need to be taken to account for the degradation 
of transmission peaks from the lower resolution. This direct fitting technique usually require 
significant human intervention and more often is very time consuming (preventing their application 
to the ~ 104 Lyα forest spectrum lines in SDSS) (Petitjean & Ledoux 1999 and Nicolson 1999). 
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The data for the Lyα forest noisy is usually the best approach and using the spectrum that are 
less absorption lines and the redshift (the Lyα emission line on the right) are continuous the Lyα 
forest (usually in the range of wavelengths from 1040 to 1180Ǻ known) includes weak emission 
lines such as FeII with wavelength 1071Ǻ and FeII/FeIII with wavelength 1123Å although the exact 
identifications varies from author to author, these emission lines can cause deviations of up to 10% 
from a flat continuum. Therefore the use of an average continuum shape would not account for 
variation of up to 10% within individual quasars (due to the presence of emission lines) is not 
enough. However, there are many variations in the spectra predicted by the equivalent width of the 
emission lines is poor. One possible way to improve quasar continuum fits is principal component 
analysis (PCA). A sample of 50 quasars with low redshift observed in the UV by the Hubble Space 
Telescope (HST) in which the ߣோ௘௦௧ < 1216Å continuum can be clearly shown. They concluded 
that while PCA fits to the red side (ߣோ௘௦௧ = 1216 − 1600Å) which gave a good estimation of the 
Lyα continuum shape, the overall amplitude had about 10% errors (Suzuki et al., 2003 and 2005). 
Paris et al., (2011) carried out a similar analysis with high signal to noise ratio (ܵ/ܰ ≥ 10) 
quasar samples of the SDSS. They found a better prediction accuracy of 5% due to larger spectral 
ߣோ௘௦௧ = 1025 − 2000Å as approach to ߣோ௘௦௧ = 1025 − 1600Å in the earlier work (Paris et al., 
2011). Among the disadvantages of this method is that the standard PCA method does not include 
the pixel noise, while the majority of the quasars observed in SDSS have low signal to noise ratio 
(ܵ/ܰ < 10). Francis et al., (1992) argued that PCA errors in fitting scale directly with the noise 
level, which shows that, for example, not better than 20% continuum accuracy in an ܵ/ܰ = 5 to be 
expected (Nusser & Haehnelt 2000, Becker et al., 2001, Hewett et al., 2001 and Strauss 2002). Due 
to all the reasons stated above, the more precise continuum fitting techniques are desperately needed 
to take the advantage of the Lyα forest data from SDSS and spectroscopic survey in the future 
(Efstathiou et al., 2002, Bernardi et al., 2003, Seljak & Cen 2003 and White et al., 2003). In 
summary, the least square fitting of PCA and the red part of the absorbed quasar spectrum (ߣோ௘௦௧ >
1216Å) was used to predict the continua of the mean flux expected ۃܨۄ(ݖ), to constrain the 
amplitude of the fitted continuum. Tytler et al., (2004) showed that the dispersion of the expected 
flux ۃܨۄ with ∆ݖ = 0.1 part of the Lyα forest at ݖ = 2  is  ߪி(∆ݖ = 0.1) ≈ 4%, so the Lyα forest 
expected range of the continuum amplitude to be ~ 2% error (Aghaee et al., 2006 and Lee et al., 
2012). 
 
Materials and Methods 
The MF-PCA method which developed in this article is optimized towards large sets of 
noisy data spectra. This method used the SDSS data which consists of about 104 spectra of moderate 
resolution (ܴ ≈ 2000) and modest signal to noise ratio was also used (Paris et al., 2011). An 
overview of the Lyα forest data sample was used to fit the data set. There are 892 out of 105000 
QSOs, published in the SDSS-DR7 which have an absolute magnitude less than -28 in the blue 
filter, S/N > 10 and a redshift range 2.7≤ z ≤ 4.7 have been selected. Since the extreme blue part of 
the spectrum (near ߣை௕௦ ≈ 3800Å) of the SDSS spectra are known to suffer from 
spectrophotometric problems of ߣை௕௦ = 3840Å as the lowest limit wavelength was used. This sets a 
minimum quasar redshift of ݖொௌை = 2.7 and the parts of the spectra that lie below ߣை௕௦ = 3840Å 
have been ignored (Kirkman et al., 2005 and Kim et al., 2007). 
Using quasars with high resolution (R~2000) the focused spectra in SDSS are calibrated. 
The quasars that studied in here, with a full range of the Lyα forest (the wavelengths range from      
1020 - 1600Å) and high signal to noise ratio were selected (Lee et al., 2012). 
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Fitting continua by principal component analysis (PCA) method 
The basic concept of principal component analysis of normalized quasar spectra f௜(ߣ) are 
well reconstructed by the spectrum of ݎ௜,௠(ߣ) which is shown as below: 
f௜(ߣ) ≅ ݎ௜,௠(ߣ) = ߤ(ߣ) + ∑ ܿ௜௝ߝ௝(ߣ)௠௝ୀଵ                                                                         (1) 
where  ߤ(ߣ) is the mean quasar spectra, ߝ௝(ߣ) is the j-th principal component and ܿ௜௝ is 
coefficient of the weights of the quasar. To obtain an estimate for the continua quasar with redshift               
2.7≤ z ≤ 4.7, S/N > 10 and MB ≤ -28 was used. Since in these spectrum low absorption existed that 
one can designate sufficient clarity of the Lyα forest. The quasars studies were used only in the 
wavelength range of the spectrum that were involved 1020-1600Å, 1020Å< λ< 1215Å blue portion 
of the spectrum and 1216Å< λ <1600Å red part of the spectrum (Suzuki et al., 2003 and 2005). 
 
Figure 1a. The bad continua of 4 QSOs derived from applying the PCA method described in 
the text. 
 
The spectra of all quasars were fitted by smooth curves, in the way that the absorption lines 
in both the blue and red spectrum was removed and the noise effects of input was also reduced. The 
transfer of redshift emission of each spectrum determined and then the spectrum were transferred to 
the quasars in the rest frame observer. The step of wavelength to the whole spectrum in the frame of 
reference in each pixel is limited to 0.5Å and each of the spectra has been normalized. To obtain the 
normalized spectra at first the mean flux of 21 pixels in the range of 1280Å should be obtained and 
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to divide by each quasar. The spectrum obtained with MATLAB software normalizing the spectrum 
with the condition that omitting the absorption lines and connecting only the emission lines.  
To predict the continuum is sufficient to consider the red region of the spectrum using this 
part of the spectrum and complete spectrum of quasars of both regions were estimated thus the 
spectra fitted with weights  ܿ௜௝ with PCA method for taking into account the large variety of sample 
alone was not enough, so an additional suitable parameters must be introduced (see figures 1a & 
1b). Then using the continuum to find the best fit parameters a set of free parameters of spectrum 
and noise (  ܿ௜௝, ܽெி and ܾெி - ܽெி and ܾெி are free parameters to regulate the mean flux) are 
considered elementary spectrums are (Lee et al., 2012). However, while the quasar spectra is 
generally well defined, the red parts of the spectra of Lyα in the spectra in many cases inside the 
metal absorption lines can be seen in the wavelength range  ߣோ௘௦௧ ≈ 1216 − 1600Å. To avoid this 
characteristic absorption lines feature obtaining from the PCA fitting method (Dall’Aglio et al., 
2009). 
 
  
  
Figure 1b. The good continua of 4 QSOs derived from applying the PCA method described in 
the text. 
 
In Figures 1a & 1b the continua in PCA method is shown with black lines, we see that the 
predicted continuum of the PCA method will be observed and work well. 
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Mean flux regulation 
The step in PCA fitting method by continua described in the previous section. However, we 
have used no information toward the blue parts of the quasar the Lyα emission line due to the 
absorption from the Lyα forest. Since the absorption redshift at any point is known in the Lyα forest 
(ݖை௕௦ = ߣை௕௦/(1216Å − 1)), the mean absorption each spectral line can be used to limit the 
predicted continuum. 
In this section the usage of the mean flux evolution of the Lyα forest ۃܨۄ(ݖ) to regulate the 
amplitude and slope of the predicted PCA continuum were described. In order to regulated the mean 
flux, using the continuum which obtained by PCA (ܥ௉஼஺(ߣ) fitted to the observed range) ߣோ௘௦௧ =
1041 − 1185Å were extracted. Then this divided into bins and the mean flux ۃܨۄ were determined 
for each bin so ߣ௕௜௡ = [1070, 1110, 1050Å] are central wavelengths of each bin. 
All we need to do is to introduce a quadratic function of a pivot point  ߣோ௘௦௧ = 1280Å, to 
obtain the mean flux regulated continuum: 
ܥெி(ߣோ௘௦௧) = ܥ௉஼஺(ߣோ௘௦௧) × (1 + ܽெிߣመோ௘௦௧ + ܾெிߣመோ௘௦௧ଶ )                                        (2) 
Where ܽெி and ܾெி are free parameters to fit the regulated range while ߣመோ௘௔௦௧ =
ߣோ௘௦௧/1280Å − 1 for the regulated and restricted mean flux.  
 
Figure 2a. The bad continua of 4 QSOs derived from applying the MF-PCA method described 
in the text. 
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Now the fitting errors (caused by a combination of large scale variance in the Lyα forest) are 
a few percent. In the next section a mock spectra to quantify the errors in MF-PCA method was 
discussed (Lee et al., 2012 and Aghaee et al., 2010). 
 
Figure 2b. The good continua of 4 QSOs derived from applying the MF-PCA method 
described in the text. 
 
Generating artificial spectra 
The fitting errors in the MF-PCA method can be tested by the above procedure on noisy 
mock spectra and comparing the fitted with the correct construction of the spectra is known can be 
tested. In this section, the actual production of mock spectra and quantitative results of the          
MF-PCA are explained. The initial step for creating quasar spectra is through specific spectra PCA 
method and using Gaussian distribution function is  ܿ௜௝ weights, as described in article by Suzuki et 
al., (2006). Note that these results are approximated, because the distribution of the weights cannot 
be fully Gaussian (while looking for producing real quasar spectra). In particular, the PCA method 
used to produce the mock spectra and using 10 principal components to increase uncertainty in the 
fitting, So we do not expect to be able to use (Paris et al., 2011), for fitting the spectra from special 
spectra (Suzuki et al., 2005) and vice versa. Therefore synthetic quasar spectra fitted through the 
MF-PCA in the spectral range ߣோ௘௦௧ = 1020 − 1600Å using 10 principal components from the 
Suzuki et al., (2005) were predicted (Lee et al., 2012 and Aghaee et al., 2010). 
 
Continuum fitting with MF-PCA method 
In figures 2a & 2b several examples of the artificial spectra and continuum spectra with 
fitted MF-PCA method are shown. The first thing to note is that the artificial spectral line looks real. 
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As described in Section 3, the artificial spectra used as a test for the PCA fit quality on the red side 
(ߣோ௘௦௧ > 1216Å) of the spectra. According to Figures 2a & 2b, it is clear that the mean flux 
regulated continuum ܥெி is modified version of the PCA fit (ܥ௉஼஺). In several cases, the PCA 
continuum seems nonphysical. These were modified by the mean flux regulated fit by comparing the 
fitted continue ܥ௙௜௧ to the true continuum ܥ௧௥௨௘ which is known by construction in the artificial 
spectra then the relative error of the continua defined as this way: 
δܥ(ߣோ௘௦௧) ≡ (ܥ௙௜௧(ߣோ௘௦௧)/ܥ௧௥௨௘(ߣோ௘௦௧)) − 1                                                              (3) 
 
   
Figure 3. Continuum fitting errors from MF-PCA fitting on mock Lyα forest spectra for 
initial 200 QSOs. 
 
This can be carried out MF-PCA fits on large numbers of artificial spectra to obtain statistics 
on the continuum fitting errors as a function of signal-to-noise ratio and quasar redshift (Lee et al., 
2012). Figure 3 shows the relative error from fitting of 200 artificial spectra in redshift line. The 
blue lines are the residuals as a function of wavelength (δܥ(ߣோ௘௦௧)), created into rest frame from a 
subset of 200 shown. To set a new quality fitted spectrum, the new RMS error of continuum in the 
wavelength range ߣோ௘௦௧ = 1041 − 1185Å can be defined as: 
(ߜܿ)௥௠௦ = ൦
׬ቆ ೎೑೔೟൫ഊೃ೐ೞ೟൯೎೟ೝೠ೐൫ഊೃ೐ೞ೟൯ିଵቇ
మ
ௗఒೃ೐ೞ೟
׬ ௗఒೃ೐ೞ೟  ൪
భ
మ
                                                                          (4) 
 
Conclusion 
In this paper we matched the precise estimates of Suzuki et al., (2005) and Lee et al., (2012) 
or Paris et al., (2011) templates. We have estimated the continuum fitting error with in the Lyα 
forest as a function of quasar redshift and spectral with high signal to noise ratio using mean flux 
regulated PCA (MF-PCA) a new technique for predicting the Lyα forest continuum. This technique 
also reduces Fourier power from continuum fitting by a factor of a few in comparison with dividing 
by a mean continuum. The best continua fit obtained in figures 2a & 2b from 892 quasars. As 
expected the values of RMS error of 2 to 6% and the average RMS of 2.7≤ z ≤ 4.7, S/N > 10 and 
MB ≤ -28 is about 4% (See figure 4). So it can be said that at the fixed redshift (z~3) average RMS 
to with an increase signal to noise ratio decreases at lower redshifts of spectra with low signal to 
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noise ratio, RMS error is relatively high because the regulated mean flux to increase noise levels 
near the blue end of the SDSS spectra associated with ߣை௕௦~4000Å. This shows that even in the 
spectra quasars with the signal-to-noise limited the predicted errors in the continua of the PCA 
method is 3 to 4% error. 
 
Figure 4. The RMS continuum fitting error in bins of Δz = 0.2 calculated for 
S/N > 10 and a redshift range 2.7≤ ܢ ≤ 4.7 on the red part of the spectrum 
(see text). 
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